I
CE HOCKEY IS A POPULAR NORTH American winter sport, with more than 550 000 registered youth players in Hockey Canada and more than 340 000 registered players in the USA Hockey Association in [2008] [2009] . 1, 2 Despite the advantages of sport participation, there is increasing concern regarding the frequency of ice hockey injuries in youth. Canadian data suggest that hockey injuries account for 10% of all youth sport injuries. 3, 4 Body checking has been associated with 45% to 86% of injuries among youth ice hockey players. [5] [6] [7] [8] Recently, attention has been focused on the increased frequency of concussive head injuries in youth hockey. 9 Concussion has been found to be the most common type of specific injury, accounting for more than 15% of all injuries in 9-to 16-year-old players. 7, 10 Internationally, there are different regulations regarding the age at which body checking is introduced in ice hockey. In the United States, body checking is introduced in all leagues in the Pee Wee age group (ages 11-12 years), but leagues not permitting body checking exist through all ages up to Midget (ages 15-16 years) . 11 In Canada, the youngest age group in which body checking is permitted is Pee Wee (ages 11-12 years). 12 In the province of Quebec, however, Bantam (ages 13-14 years) is the youngest age group in which body checking is permitted. Otherwise, in Canada, rules of play are mandated by Hockey Canada and are consistent across all provinces. 12 The policies allowing body checking at the Pee Wee level in Alberta and the Bantam level in Quebec provided a unique opportunity to examine whether the risk of concussion and injury differs for Pee Wee ice hockey players in a league that permits body checking vs a league that does not.
METHODS

Study Objectives
The primary objectives of this study were to examine whether the risk of concussion and other injury during games and practices differs for Pee Wee ice hockey players in a league that permits body checking vs a league that does not. Secondary objectives included examining the difference between the cohorts for severe concussion (time loss, Ͼ10 days) and severe injury (time loss, Ͼ7 days). In addition, the risk associated with other previously identified risk factors were examined: year of play (ie, first or second), previous injury or concussion, player size, level of play, position of play, and attitudes toward body checking.
Sample, Design, and Data Acquisition
A prospective cohort study was conducted during 1 season of play (October 2007-March 2008). The study population was Pee Wee (ages 11-12 years) ice hockey players. Cohorts were defined by their exposure to a league with rules that permitted body checking. Inclusion criteria were the following: players aged 11 through 12 years during the season of play; male or female players; written informed consent to participate (player and one parent or guardian); players registered with Hockey Calgary, Hockey Edmonton, or Hockey Quebec; players participating in the Pee Wee age group only; players in the top 60% by level of play; agreement of the head coach to participate in the study; and agreement of a team designate (coach, safety manager, or other team parent) to collect information on individual player participation. Teams and players were excluded if they participated in a "girlsonly" Pee Wee league or had sustained a previous injury or chronic illness that prevented full participation in hockey at the beginning of the 2007-2008 season.
Written informed consent was obtained from each player and parent or guardian. Approval was granted from the ethics offices at the University of Calgary, University of Alberta, McGill University, Université de Montréal, and Laval University.
A sample size of 1944 (972 from each province) was determined necessary for a minimally important incidence rate ratio (IRR) of 2 or greater based on an expected concussion rate of 1 per 1000 player-hours in the Alberta cohort, adjusting for cluster and an anticipated drop-out rate of 10% (2-sided test; ␣= .05, ␤=.20).
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Definitions and Analytic Design
The injury surveillance system used in this study was based on the Canadian Intercollegiate Sport Injury Registry, which was modified and validated for use in youth ice hockey. 4, 14 Three data collection documents were used: a preseason baseline questionnaire, weekly exposure sheet, and injury report form. All forms were translated into French for Quebec players and therapists whose preferred language was French. Each team was assigned a physiotherapist, athletic therapist, or senior therapy student who attended 1 session per week for their assigned team. The team therapist was responsible for all data collection and injury assessment.
Preseason questionnaires were distributed to all consenting players. The forms were completed with parental assistance when necessary. Baseline data collected included height, weight, date of birth, previous injuries, previous concussion, years of hockey participation, and skill level. In addition, the Sport Concussion Assessment Tool 15 and a body checking questionnaire 16 examining attitudes toward body checking were completed at baseline.
The weekly exposure sheet was a record of the daily participation data collected by a team designate on each consenting player for all team practices and games. For teams missing occasional weeks of weekly exposure information, exposure data were imputed based on the mean game and practice hours in the weeks that the team had complete weekly exposure data. Given the consistency of ice time distribution for games and practices within a given hockey association and league, this was felt to be an appropriate estimate.
The injury report form included details related to mechanism of injury, time, date, session type, time loss, medical follow-up, and the therapist's specific injury assessment. The injury mechanism categories included body checking, other intentional playerplayer contact (elbowing, cross checking, slashing, tripping, roughing), incidental body contact (contact with another player that did not meet the definition of body checking or other intentional contact), environmental contact independent of contact with another player (puck, boards, net), and no contact. These previously validated mechanisms were defined a priori, and all study personnel (team designates and therapists) were educated regarding injury mechanism definitions. 7 All ice hockey injuries requiring medical attention, resulting in the inability to complete a session, and/or time loss from hockey were identified by the team designate or therapist and recorded on an injury report form. Concussions were included if they met the reportable injury definition for this study based on the therapist assessment and definition for concussion based on consensus guidelines. 15 The study definition for severe injury was based on time loss. Considering all injuries (including concussion), severe injuries were those that resulted in more than 1 week missed from hockey (ie, does not include slight and minimal injuries based on previous consensus agreement for injury definitions). 17 All concussions included severe concussions that resulted in time loss from hockey of more than 10 days. A 10-day time-loss cutpoint has been suggested as a marker to retrospectively distinguish concussion severity and has been supported in the literature for male sport participants. 15, [18] [19] [20] [21] [22] Any study therapist not present at the time of injury was notified by the team designate, and the injured player was assessed at the next weekly visit to the team.
All players with a suspected concussion or an injury resulting in time loss greater than 1 week were recommended for review by a study sport medicine physician. Standardized follow-up and return-to-play guidelines were followed by all study physicians and study therapists, based on International Concussion Consensus guidelines. 15 This included graded symptomfree exertion prior to full return to unrestricted competition. In the event that parents elected to follow up with their own family physician, standardized physician follow-up was not ensured, but study therapist recommendations were consistent with guidelines.
All injury report forms were reviewed by the research coordinators (also physiotherapists or athletic therapists) to ensure they met the injury criteria and to provide follow-up until complete recovery prior to inclusion in the database.
In addition to the primary risk factor under consideration (ie, participation in a league permitting vs not permitting body checking), we examined the role of other previously suggested risk factors. The information for these were obtained by self-report at baseline and included year of play (first or second), previous injury or concussion, weight, level of play (leagues are divided into levels according to ability), predicted primary position of play, and attitudes toward body checking. 7, 23, 24 Weight was dichotomized at the 25th percentile (37 kg) using these data based on the a priori consideration that the smallest players would be at greatest risk of injury. Attitude toward body checking was dichotomized at the 75th percentile using these data (36/55 items on a body-checking questionnaire) based on the a priori consideration that players with higher total scores would be at the greatest risk of injury.
Statistical Analysis
Stata version 10.0 was used for all statistical analyses. 25 Baseline characteristics were compared between Alberta and Quebec.
Incidence rate ratios for each risk factor for the primary outcomes of injury and concussion were estimated with 95% confidence intervals using Poisson regression. In each model, playerhours were included as an offset; clustering by team effect was accounted for with adjustment for all included covariates (year of play, previous injury or concussion, player size, level of play, position, and attitudes toward body checking). Sex was not considered a covariate in any model.
Because of the smaller event rates for the secondary outcomes of severe injury and severe concussion, we limited the Poisson regression to univariate analyses for each risk factor separately (still including playerhours as an offset and accounting for clustering effects by team). Given the expectation of effect modification by session type (game vs practice), analyses were stratified by this variable for all injury definitions. Significance was based on ␣ Ͻ .05, and all hypothesis tests were 2-sided.
RESULTS
A total of 183 teams were approached to participate in the study ( practice-hours). Although similar between provinces, the IQRs for total game-and practicehours suggest significant variability (37-57 and 18-40, respectively). Because of some missing weekly exposure information, we imputed some of these data. In Alberta, the proportion of weeks for which exposure-hours required imputation was 10.91%. In Quebec, the proportion of weeks in which exposure-hours were imputed was 17.25%.
There were a total of 241 injuries (78 concussions) reported in Alberta in 85 077 player exposure-hours and 91 injuries (23 concussions) reported in Quebec in 82 099 player exposurehours. In Alberta, 169 players had 1 injury, 31 players had 2 injuries, 2 players had 3 injuries, and 1 player had 4 injuries. In Quebec, 73 players had 1 injury, 6 players had 2 injuries, and 2 players had 3 injuries. Injury rates were stratified by session type (game and practice).
The province-specific injury rates and the
There were no differences between provinces with respect to practice-related injuries. The proportion of players who had 2 or more independent game injuries was 2.17% (95% confidence interval [CI], 1.41%-3.33%) in Alberta and 0.38% (95% CI, 0.14%-0.97%) in Quebec. The proportion of players who had 1 or more independent practice injuries was similar in Alberta and Quebec (2.62% [95% CI, 1.70%-4.02%] and 1.91% [95% CI, 1.11%-3.29%], respectively). TABLE 3 summarizes results for game-related injury risk factors including province, using the adjusted multiple Poisson regression models for the primary outcomes of injury and concussion and unadjusted models for secondary outcomes of severe injury and severe concussion. Players with miss- ing covariates were excluded in the adjusted model. Previous injury and previous concussion were risk factors for injury and concussion, respectively. Small player size and higher levels of play were also risk factors for all injuries; however, for concussion and severe concussion there was uncertainty because of the small number of events. Position played and attitude toward body checking were also significantly associated with severe concussion only.
Injury rates by mechanism of game injury and province are summarized in the FIGURE. Examining mechanism of injury in Alberta, the game-injury rate associated with body checking was higher ( By specific body part, the gameinjury rates in Alberta were consistently greater than those in Quebec (TABLE 4). The head or face was the most frequently injured body part in Alberta, followed by the knee and the shoulder or clavicle. In Quebec, injuries to the head or face and the knee were the most frequent, followed by injuries to the hip or thigh. In examining injury types (Table 4) , concussion had the highest incidence among other types of injury in Alberta and the greatest disparity by province. Fractures were the other injury type with the greatest disparity between provinces.
COMMENT
To our knowledge, this is the first prospective cohort study using a validated injury surveillance system, including therapist and physician assessment, to examine the risk of playing in an ice hockey league that permits body checking compared with one that does not. In addition, this study allowed for the estimation of IRRs for concussion and overall injury based on analyses that accounted for clustering by team, exposure-hours, and other important covariates. Our results indi- Abbreviations: CI, confidence interval; NA, not applicable (based on examining the risk factor of interest for all previous injury for injury definitions and for previous concussion for concussion definitions). a Incidence rate ratios based on Poisson regression analysis offset for exposure hours and adjusted for clustering by team and covariates (year of play, previous injury or concussion, player size, level of play, position of play, and attitudes toward body checking). b Incidence rate ratios based on Poisson regression analysis offset for exposure hours and adjusted only for clustering by team, owing to fewer injuries. c High scores on the Body Checking Questionnaire suggest a greater preference to body check.
cate a greater than 3-fold increased risk of concussion, injury, severe concussion, and severe injury in game play in Pee Wee (ages 11-12 years) leagues in which body checking was permitted (Alberta) compared with similar leagues by level of play in which body checking was not permitted (Quebec). There was no evidence of a difference in practice-related injury rates between provinces. Other potential models-zeroinflated Poisson, quasi Poisson, and negative binomial-did not lead to different results.
Our findings support those from recent systematic reviews examining risk factors for injury in youth ice hockey that examine data from less rigorous methodological and retrospective study designs.
23, 24 Warsh et al 23 concluded that increased injuries attributable to body checking were found where body checking was allowed. Emery et al 24 combined data examining the risk of body-checking policy in youth ice hockey in a metaanalysis and reported combined estimates for injury (IRR, 2.45 [95% CI, 1.7-3.6]) and concussion (odds ratio, 1.71 [95% CI, 1.2-2.44]).
The overall injury and concussion rate found in Alberta in this study are consistent with the literature. 8, 26 Mechanisms of injury, body part, and injury types were also consistent. The greatest disparity in injury rates between provinces was for concussions and fractures-not surprising, given the mechanics of body checking. Other than the significantly increased risk of injuries related to body-checking mechanism, there was also a 2-fold increased risk of other intentional contact injuries in Alberta compared with Quebec, suggesting a more aggressive style of play in which body checking is permitted.
Consistent with the literature, previous injury and concussion increased the risk of injury and concussion, respectively. 27 This may be related to incomplete healing/rehabilitation, susceptibility of a player to injury based on other factors (eg, on-ice behaviors), or both.
Smaller player size was also a risk factor for all injuries. This may be owing to the contact mechanisms of injury reported in both cohorts and the size differential between players participating in these leagues. Lighter players have previously been reported to be at a greater risk of injury in youth ice hockey leagues.
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Limitations
Recruitment rates were similar between provinces, but a greater number of teams dropped out in Quebec (n=9) compared with Alberta (n=1). However, given that dropouts were at a team level and the reasons for dropouts were related to the inability to identify a therapist or team designate, one would not expect a systematic selection bias associated with dropout.
With a therapist present at only 1 session each week, it is possible that minor injuries may have been underestimated if the team designate was not aware of the injury. However, in the weekly follow-up the therapist was to communicate with the team designate and players to reduce the number of missed injuries. In addition, it is unlikely this reporting issue differed by province.
Concussions were included if they met the injury and concussion definitions based on study therapist injury report. It is a limitation, however, that not all players followed up with a physician. In Alberta, 39 of 78 (50% [95% CI, 38.5%-61.5%]) players with reported concussion saw a physician, compared with 14 of 23 (60.9% [95% CI, 38.5%-80.3%]) in Quebec. Given that the proportions of players with concussion following up with physicians did not differ between provinces, it is unlikely that bias was introduced in the estimates of IRRs associated with concussion.
This study aimed to collect both the exact number of sessions missed from hockey (assessed using the weekly exposure sheet) and the total number of days a participant was unable to play hockey (assessed using the injury report form). Many different factors contribute to this decision, such as the importance of a game or practice, pain tolerance, motivation, personality factors, and parental influence. These differ for each player and may affect the precision of equating time loss with severity of injury. Guidelines for return to play established based on the Concussion Consensus Guidelines facilitated consistency for return to play following concussion between centers. 15 However, it is possible that there was nondifferential misclassification of concussion severity based on the 10-day time-loss cutpoint if there was a delay of more than 4 days until the athlete had first seen a physician and then progressed through the return-to-play protocol.
The reasons for missing data on the weekly exposure sheet (10.91% in Alberta, 17.25% in Quebec) were related to team designate error and not to participation-hours, injury, or any confounding factors. As such, the missing mechanism is arguably missing completely at random, and there is no reason to suspect that the information on missing weeks differed from that on weeks for which values were present.
Baseline risk factors were selfreported and are subject to nondifferential misclassification. In particular, the position of play may not have been consistent for every game during the season.
Rules of play and referee qualifications did not differ between provinces other than the rule allowing body checking in Alberta and not in Quebec; however, the reward systems for Fair-Play Programs did differ in Alberta and Quebec. In Quebec and in Edmonton, Alberta, reward systems were based on the number of penalty minutes called by referees. While there was an emphasis on Fair-Play conduct also in Calgary, Alberta, there was no official reward system in place. Although the Fair-Play systems differed, in Calgary and Edmonton the injury rates did not differ (Calgary, 2.79 [95% CI, 2.28-3.40] injuries per 1000 player-hours; Edmonton, 2.94 [95% CI, 2.04-4.23]). This strengthens the conclusion that our results did not depend on differences between provinces in the Fair-Play Programs. Consistent with this, there is also evidence in the literature that injury rates and the observed number of transgressions does not differ in a Bantam League that rewards teams through a Fair-Play point system for low penalty minutes compared with a Bantam League with no reward system (body checking allowed in both leagues).
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CONCLUSION
Among 11-to 12-year-old ice hockey players, playing in a league in which body checking is permitted compared with a league in which body checking is not permitted was associated with a 3-fold increased risk of all gamerelated injuries, concussion, severe injury, and severe concussion. These findings may have important implications for policy decisions related to body checking in youth ice hockey. The public health implications associated with injury in Pee Wee hockey in which body checking is permitted are significant. Future research should compare the injury and concussion risk in the next age group of play (Bantam, ages 13-14 years), in which players in one cohort will have 2 years of body checking experience prior to Bantam participation. This research can inform the development and rigorous evaluation of prevention strategies to reduce the risk of injury in this population of youth ice hockey participants.
